Phenylenedioxydiacetamides are examples of noncyclic ionophors that are able to form 2:1 complexes with the cations Ca2" and K" in acetone, m ethylene chloride o r acetonitrile solution. The chelation abilities and coordination modes of 12 derivatives were investigated systematically by IR , 'H NM R and 13C NM R spectroscopy. The results indicate that only the 1,2-phenylenedioxydiacetam ides function as ligands; while the 1,3-derivatives do not coordinate. The ionophors 1-8 act as tetradentate chelating ligands with all four oxygen atoms involved in bonding to the cation. Irrespective of its charge, each cation is coordinated by two ionophors.
Introduction
Crown ethers [1] [2] [3] 'and ethylenediam inetetracetic acid (ED TA ) and its derivatives [4] act as cation complexation agents, thus forming complexes of sig nificant biochemical interest [5] which may function as selective ion carriers across cell m em branes [6] .
In this paper we report the use of IR , !H NM R and 13C NM R to determ ine the complexation qual ities and coordination modes of 12 noncyclic phenyl enedioxydiacetamides.
shifts was tested by addition of small portions of D 20 to the samples. 
Experim ental
The preparations of the phenylenedioxydiacet amides 1-12 have been described previously [7] , The *H NM R and 13C N M R spectra were recorded using an FT NM R instrum ent Jeol FX 9 0 Q at 89.56 and 22.5 MHz, respectively. The samples (ca. 20 to 50 mg, depending on the solubility) were dissolved in 0.4 ml of the deuterated solvent (acetone-d6, acetonitrile-d3, chloroform-d]) in a 5 mm tube. For frequency sweeps of 1000 Hz (*H) and 5000 Hz (13C) the interferogram s were registered with 16,000 data points. A nhydrous CaCl2, C a (N 0 3)2 -4 H 20 and KSCN were added to the solution in exactly weighed portions. !H N M R and 13C N M R spectra were recorded from the same samples. In control experiments the influence of water on the chemical 
Results

1H NMR spectra:
The 'H NM R spectra of the de rivatives 1-8 are comparatively easy to interpret: The four arom atic ring protons present a multiplet in the range of 6 = 6.9-7.1 ppm . The -O C H 2 groups give a singlet between d = 4.5-5.0 ppm , and the substituents R on the amide nitrogen can be recog nized by typical resonances (Table I ). In Fig. l [ A nother feature of the spectra is the continuous broadening of the pseudo singlet due to the four arom atic ring protons and the form ation of a clear A A ' BB' pattern ( Fig. 1 b) . In all cases where hydro gen substituents are attached to the amide nitrogen the resonance due to this proton is shifted to lower field upon addition of C a;~ or K~ cations. None of these a The cation complexes of 7 and 8 were not sufficiently soluble for 13C N M R spectrum to be obtained; * in C D 3CN.
changes were observed when 1.3-phenylenedioxydiacetamides (9-12) were treated with Ca2^ or K~ cations.
13C NMR spectra:
The 13C resonances in the 13C N M R spectra of compounds 1-8 can be assigned unambiguously by their chemical shift and the m ulti plicity of the signals in the !H coupled spectra. The 13C NM R spectrum of 1 in C D 3CN is shown in Fig. 3 a, and dem onstrates features typical of the other derivatives. The addition of Ca2* or K~ cations to solutions of 1-8 causes a change in the various chemical shifts. The m agnitude of a particular shift difference is indi cative of the proximity to the ionophor coordination sites. Relevant data for the free and coordinated ionophors are given in Table II . The L'C NM R spec trum of a typical 1:2 complex, Ca2* and 1, is pre sented in Fig. 3b 
Discussion
The addition of Ca2^ or K T cations to the com pounds 1-8 causes a shift of the -O C II2 protons to lower field (Table I ). This is indicative of a decrease in electron density on the oxygen atoms suggesting that these atoms are coordinated to the cation. As expected, the electron withdrawal is stronger in the Ca2+-complexes than in the K+-derivatives. The four aromatic protons of the phenylene unit in the com pounds 1-8 appear as a multiplet. Upon complexa tion this signal splits into a typical A A 'B B ' pattern, and it is shifted to lower field (A d -0.2 ppm) . A c cording to the resonance form B [8] the amide pro- W ith the exception of 6 all carbonyl-carbon 13C signals are shifted to lower field ( A d~0 -2.7 ppm) upon complexation suggesting that the carbonyl function acts as another coordination site of the ionophor. This interpretation is supported by the IR spectra: the v (C = 0 ) band is shifted to lower energy (Zl <5 = 20 cm -1) upon complexation. Only the Ca2+ and K* complexes of 6 show a slight highfield shift of the carbonyl carbon atoms (A d = 0.2 and 0.8 ppm).
The 'H as well as the ljC NMR spectra show that the substituents on the amide nitrogen are not in equivalent positions due to restricted rotation about the C (O )-N bond (amide resonance contributor B). Two sets of C2H 5 signals are observed for 1, w hether the ionophor is free or complexed (Figs. 1 a and 1 b) . The line broadening of the 13C NM R signals of the ethyl carbon atoms in 1 decreases considerably upon com plexation indicating an increase in the relaxation tim e of these carbon atoms.
The composition of the ionophor/cation complexes can be determ ined by !H NM R, 13C NM R, and IR spectroscopy. Although the NMR spectra only show average signals, the chemical shift of a particular sig nal reaches a limit as soon as an [ionophor]/[cation] ratio of 2 :1 is reached (see Fig. 2 ). This phenom enon is caused by a fast exchange of the free and the coor dinated ionophor with respect to the NM R time scale and is well established from other studies [9, 10] :
The free activation energy for this process is less than 20 kJ/mole since cooling of the reaction mix tures to -80 °C does not lead to signal splitting due to free and complexed ionophors. The titration curve in Fig. 2 indicates an initial saturation point before the [ionophor]/[cation] ratio of 2:1 is reached. This suggests a different complex, possibly a 3:1 adduct that is form ed as long as an excess of free ligand exists in solution.
The 2:1 composition of the ionophor/cation com plexes can also be determ ined by IR spectroscopy. Since IR transitions are faster than other dynamic processes in molecules, the ratio of the v (C = 0 ) band integrals of free ionophor and cationic complex gives direct inform ation about the progress of the reaction. The observation that different solvents, e.g., deuterated acetone, acetonitrile or methylene chloride do not affect the chemical shifts of the coordinated ionophor (zJ(3==0.05 ppm ) indicates that these sol vents do not participate in coordination to the metal. Also w ater that can be present either in the solvent or in the inorganic salt (as w ater of crystallisation) does not com pete significantly with the ionophor.
Consideration of a model shows that the phenylene ring and the four oxygen atoms of the ionophor lie in a plane. A second ionophor can coordinate to the cation in such a way that the two planes bisect each other at a 90° angle. No m ajor steric hindrance would result from this orientation.
A similar structure has been determ ined by X-ray analysis for the 1:2 complex of Mn:+ and N ,N ,N ' ,N '-tetrapropyl-l,2-cyclohexylenedioxydiacetam ide [11] ; i.e. a trigonal dodecahedron in which the four ether oxygen atoms form the apices of an elongated te t rahedron, and the four carbonyl oxygen atoms a flat tened tetrahedron.
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